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Abstract. We employ the AdS/CFT correspondence to investigate the thermalization of the
strongly-coupled plasma and the jet quenching of a hard probe traversing such a thermalizing
medium.
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The AdS/CFT correspondence [1–5], a duality between the strongly coupled N = 4
super Yang-Mills theory and type IIB supergravity, has been widely used to study the
qualitative features of the quark gluon plasma (QGP) generated from the relativistic
heavy ion collisions. In the gravity dual, the thermalization of the medium corresponds
to the gravitational collapse and the formation of a black hole, which has been currently
investigated in [6–12]. A light probe traveling in the strongly coupled medium could
finally dissipate, which leads to a maximum stopping distance [13–16]. The stopping
distance could qualitatively characterize the jet quenching of light probes.
In this note, we briefly present our work and highlight the results in [17, 19]. We
utilize the AdS-Vaidya spacetime proposed in [9, 10], which describes a falling mass
shell, to analyze the isotropic thermalization. The metric is induced by the leading order
perturbation of a weak dilaton field[8]. In Eddington-Finkelstein (EF) coordinates, the
metric is given by
ds2 = 1
z2
(
−(1−m(v)z4)dv2−2dvdz+dx2i
)
, (1)
where m(v) = M2 (1+ tanh(v/v0)) represents the mass function of the shell and v denotes
the EF time coordinate. In the thin-shell limit (ie. v0 → 0), the AdS-Vaidya spacetime
will be separated into two regimes. The exterior of the shell is dictated by the AdS-
Schwarzschild metric, while the interior is governed by the quasi-AdS geometry, which
corresponds to the vacuum with a nonzero gravitational potential [17]. In Poincare
coordinates, the metric is written as
ds2 =


1
z2
(
−F(z)dt2+ dz2F(z) +dx
2
i
)
if z < z0(v > 0),
1
z2
(
−F(z0)2dt2+dz2 +dx2i
)
if z > z0(v < 0),
(2)
where z0 denotes the position of the shell and F(z) = 1− z4/z4h for zh = M−1/4 =
(piT )−1/4 being the future horizon. The position of the shell is determined by the redshift
factor F(z0). By tracking the position of the shell, a rapid thermailization time scaled
by the temperature is found, τT ≈ 0.55, which is consistent with the approximated
thermalization time scale at the RHIC energy [17].
When the medium starts to thermalize, an energetic light probe could be created
simultaneously. In the gravity dual, the light probe is characterized by a massless particle
falling along the null geodesic from the boundary to the bulk by using the WKB
approximation, which eventually falls into the horizon and results in the thermalization
of an image current on the boundary [15, 16]. Given that the shell is infinitesimally thin,
the particle travels most of time in the exterior of the shell; thus the stopping distance in
this case is the same as that found in the thermalized medium. On the contrary, when the
shell has finite thickness, the light probe could travel further within the shell. However,
by solving the Einstein equations in EF coordinates numerically, it turns out that the
stopping distance of the light probe is approximately equal to that in the thermalized
medium. In general, the jet quenching of an energetic light probe may not be affected by
the thermalization process of the plasma [17].
Furthermore, the generalization of the AdS-Vaidya spacetime by introducing a
charged shell is presented in [18]; the generalized metric, AdS-Reissner-Nordström-
Vaidya (AdS-RN-Vaidya) geometry corresponds to a thermalizing plasma with a
nonzero chemical potential. By following the same approach in [17] to track the falling
shell in Poincare coordinates, the thermalization time of the medium with a nonzero
chemical potential can be found [19]. As shown in Fig.1, the thermalization time
decreases when the chemical potential is increased, where χ4 = (4piT )−1µ for µ being
the chemical potential.
In addition, the jet quenching of a light probe such as a virtual gluon traveling in
such a non-equilibrium plasma can be studied by applying the approach of a falling
string introduced in [14]. The tip of the string is represented by a massless particle
moving along the null geodesic, which leads to a maximum stopping distance similar
to the approach of taking the WKB approximation to the falling wave packet induced
by an image jet on the boundary [15, 16]. Nevertheless, the energy of the gluon is now
encoded in the initial profile of the string, where E ∼ 1/zI for zI being the initial position
of the tip of the string. When zI > 0, the gluon will carry finite energy comparable
to the thermalization temperature. Such gluons serve as soft probes and their stopping
distances could be influenced by the thermalization process. As shown in Fig.1, the
stopping distances of the gluons as well decrease when the chemical potentials are
increased in both thermalizing and thermalized media. Also, for the soft gluon, its
stopping distance in the thermalizing medium is larger than that in the thermalized case,
which is expected since the probe in the former scenario travels for a longer time in the
vacuum.
In conclusion, by using the gauge/gravity duality in the framework of the AdS-Vaidya
type geometries, we found that the medium thermalizes rapidly, which characterizes the
qualitative feature of a strongly coupled plasma. Moreover, the jet quenching of a light
probe with infinite energy compared to the thermalization temperature is insusceptible
to the thermalization process of the medium, while the jet quenching of the soft probe
in the thermalizing plasma is reduced. When the chemical potential of the medium is
increased, the thermalization of both the medium and the probe is accelerated, which
could come from the enhanced scattering led by the increase of the density of the plasma
[19].
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FIGURE 1. The left panel shows the thermalization time τ with different values of chemical potential
[19]. On the right panel, the red and blue points represent the stopping distances with different values of
chemical potential in AdS-RN and AdS-RN-Vaidya spacetimes, respectively [19].
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